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Tais epidemic of exanthematous disease complicated by
purulent infection of the bronchi attacked several lhundred
inen belonging to a recent draft from New Zealand;
418 cases of measles and rubella occurred between
January 1st and March 8th, 1918. In the large majority
there was a copious frothy or muco-purulent bronchorrhoea,
in 75 of them there was. a severe purulent bronclhitis, and
of these 26 died. If we take into consideration only the
definite cases of septicaemic bronchitis the mortality
amounted to one-third of the men attacked, but, as prac-
tically all the cases showed signs of a imuch more severe
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CHAlIT 1.-Case 44. Rubella and bronchitis. themn all as

cases of mul-
tiple infection, and, by doinig so, to reduce the mortality
to about 7 per cent.
We retain tlle name " purulent bronclhitis " as bronellitis

witlh purulent expectorationi was common to all the cases,
but the severe type consisted ratlher of a septicaemia
accompanied by variaus lung lesions whieh were not
constant but ranged from bronclhial catarrlh to bronclho-
pneumonia, pleurisy, basal congestion, or lobar pueumonia.
No one of these types could be said to prevail, but tile
Serious cases which lived long enouglh passed tlhrough all
thlese pllases in suc-
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America. In the first
live days after arrival at Slilng Camp 77 cases developed,
and thereafter the inzidence was: Week ending .January
l1tlh, 60; January 26th, 125; February 2nd, 113; February
9th, 43; February 16th, 25.
During the same period 401 men suffering fronm febrile

respiratory affections were admitted to tle observation
wards Sling Camp. These cases consisted largely of
coryza or febricula, and 303 of them were described as
"11clinical influenza." It is noteworthy that none of these
men developed purulent, bronchitis, although most of themn
were respiratory cases, and had been living in the same

c.

[tub

huts as the measles, and rubella cases. The complication
of purulent bronchitis was limited strietly to cases of
measles and rubela and to one ease of scarlet fever.

Several organisms were recovered from the sputa and
from the blood, and the virulence of the epidemic seems to
be. best explained b.y a symbiois between one or more of
these germs and the organisms of measles and rubella. If.
as has been suggested in previous epidemics, the cause hlad
been a symbiosis of the influenza bacillus wit-h a pneumo-
coccus or streptococcus, then we would certainly lhave
expected to find some purulent bronllhitis among 303 cases
of clinical influenza which remained at Sling. But no
single case of such a combination occurred.

Nor, again, did any purulent bronchitis arise among the
146 cases of measles and rubella occurring among British
troops in the same district and at the same time, exc-pt in
the case of a British motor-driver who lhad been employed
in transporting the New Zealand cases. Purulent bronclhitis
hias only lately been clea-rly described and our knowledge
of it is still in the mobile stage. It is undoubtedly mnuch
nore widespread than is generally known. Thlus, an officer
(B.E.F.) died at Tidworblt in February from bronclhitis
following some minor surgical intervention, and his lungs
were found at the autopsy to show tlle same lesions as the
cases dying from purulent bronchitis.

Further, tlhree typical cases of purulent bronchitis com-
plicating measles occurred in other New Zealand troops
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condition in CIART 2.-Case 19. Measles and bronchitis.
which there is
a definite symptom-complex resultiag from a mnultiple
pulmonary infection, but that the actual germs affecting
this symbiosis are subject to variation. This does
not necessarily lessen the stability of purulent bron.
chitis as a clinico-pathological entity, but seems ratlher
to place it in the category of such conditions as
haemolytic jaundice, pernicious anaemia, Banti's disease,
typlhoid and maliauant neoplasm, in all of which a definite
clinico-pathological condition is recognized as beinlg of
varied and multiple origin.

CLINICAL COURSE.
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Teinperatare.-The tenmperature was usually high at the
outset, 1030 or 1040, and in the lighter cases it dropped by
lysis in a few days. In the severe cases it followed no
definite course and presented the curve sometimes of con-
tinued fever (Chart 1), but more often of an irregularly
remittent or even intermittant type (Chart 2). There was
frequently an. ante-mortem fall of temperature in the
twenity-four or thirty-six hours before death (Chart 1),
while some of tlhe worst cases followed an almost apyretic
course, and some rewhed tile worst phase after the
temperature had been down for several days (Chart 3).
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In no-case could a falling temperature be taken as a
gutarantee of approaching safety.
las8h.-The eruption was morbilliform in 125 cases, in

290 it clearly resembled in appearance and distribution
thatof rubella, wlhile in 3 it was scarlatiniform. In many
of the cases Koplik's spots were present, and in 2 the rash
became petechial. A marked feature was the frequent
development of a secondary, and in one case a tertiary,
raslh. These later rashes developed about three or four
days after the primary one had died down, and appeared
mnostly on the trunk and on the proximal portions of the
limbs. They consisted clliefly of reddish maculae, and
were probably of septic origin, as they could not be
ascribed to any factor employed in treatment. Two
patients developed measles and two others scarlet fever
during convalescence from rubella.
Expectoration.-With very few exceptions the measles

and rubella cases lhad purulent expectoration, but about
10 per cent. of these cases never became really ill. UIsually
the sputum became definitely purulent just about tlle time
the rash came out or a day or two later. In four cases
the original infection was so mild that the patients were
sent on to the convalescent hospital at Perlham Downs.
Later tlley developed purulent bronclhitis, whlich in these
cases may be regarded as a secondary infection. This
occurred respectively on the fifth, seventhli, twelfth,. alnd
fourteenth days after thle appearance of the rash. Tlle
last case, however, had been admitted with ruibella
and twelve days later developed measles whiclh was
followed bv purulent broncllitis in two days, so that it
is a little difficult to determine the incubation period.
In more than 90 per cent. of the measles and rubella
cases tlle sputum was copious, frothy, and later muco-
purulent. In the more severe cases the sputum was
definitely purulent from the outset, consisting of a tena-
cious, creamy pus, which was not offensive, and whicl
stained tlle linen yellow. In the worst cases the sputum
consisted of touglh lunmps of fibrino-purulent material,
about the size and consistence of an American oyster, but
they were yellow in colour, quite airless, and sank in
water. Tlley were expectorated witlh difficulty, and in the
cases wlliclh recovered the sputum gradually became looser
and freer, but persisted for many days after the tempera-
ture lhad fallen to normal. In the unfavourable cases ex-
pectoration ceased some twenty-four or thlirty-six houtrs
before deatlh, and the bronclhi became filled withl pus. In
a few cases the sputum was rusty, in a few streaked
with blood, while one or two had clctinite liaemoptysis or

epistaxis.
Couqlih, Respirations, etc.-The cougl was frequently

lhacking and persistent. Usually thlere was a miiarked
tachiypnoea from the outset witlhout mnuchli distress, and
this was increased by tlle sliglhtest exertion, such as
turning over in bed. Ortlhopnoea was rare, and nmost of
the patients felt easier when the Ilead was low. Painful
respiration was not a prominent feature even when there
wvas well marked pleurisy.
Piulse.-Thlis was usually rapid from the outset, as is

seen. in the accompanyinlg charlts. Thle volume and
tension were low, but the pulse was not definitely dicrotic.
The hleart slhowed early signs of fatigue by a weak slhort
first sound at the apex, and later by failure of second
sound at tlle base and some dilatation of the righlt side.
Cupping was resorted to in some cases, but did not give

miiarked relief. Even where the lung involvement was not
extensive, the heart seemed to be affected in an extremne
degree by the toxaemia.
Lividity.-One verv marked featuire was the intense

(degree of lividity. This came on in the severe cases
before the heart was in difficulties, and affected the hlead,
ears, face, and trunk, the face presenting a deep purple
appearance as if the patient were on the point of choking,
but there 'was no distress. Only two cases which
presented this feature recovered.

Throat, etc.-In the severe cases there was usually a

very dirty condition of the mouth and throat, aud the
tongue became dry, brown, and covered with sordes. A
well-marked laryngitis causing dysphionia or complete
aphonia was present in about 80 per cent. of the cases.
A bdonmen.-Gastro-intestinal symptoms were uncommon,

and vomiting was rarely troublesome.
Nervous Systern.-This was usually affected early and

deeply, as slhown by intense prostration, some degree of
ataxia of the hands, and later; by marked subsultus

tendinum, muttering delirium or mental depression witlh
suicidal tendency. One patient did commit suicide by
cutting hiis throat. Incontinence of faeces and urine was
a terminal symptom, while in some cases there was re-
tention of urine at an earlier stage. The early and marked
mental depression was undoubtedly a factor which con-
tributed to the fatal issue in many cases.

Toxaemia.-Albuminuria was rare and when present
was slight. The blood count showed no very marked
peculiarities. The spleen was usually not definitely en-
larged. As the condition was undoubtedly a septicaemic
one, these points are ratlher surprising. A very definite
mousy odour, such as one finds in typhus, was present in
most of the fatal cases.

Complications anzd Sequelae.-Conjunctivitis occurred
in some cases and in a few was purulent. Two cases

developed otitis media and two lhad thrombosis affecting
one leg.

Physical Signs.
Tlle mnost striiking feature of the pljysical examination

in the early stages was tlhe absence of signs suggesting
a nmarked or extensive involvement of the lung tissue in
patients wlho presented all thie clinical features of a severe

pneumonia. In tlhe mild cases the breath sounds were
lharslh and were a,-companied by some sharp or sonorous

rllonclhi and by a few mnedium crepitations at the base
of the lungs. In the mnore severe cases the signs of
bronchitis were more marked and passed into tllose of
bronchopneumonia with patches of dullness on the posterior
aspect, deficient or, less frequently, broncho-vesicular
breathing, and usuially some pleural friction.

Signs of pleural effusion were rare and empyema never

supervened. Evidence of consolidation (at one or botl
bases, more often the right, and occasionally at one apex)
was present in most of the fatal cases for a day or two
before deatlh, but in some these signs were absent or very

sliglhtly marked. Towards the end coarse bubbling rales
could be hleard all over botlh lungs.

TREATMENT.
In dealing witlh the treatment of a smuall number of

cases suclh as this it is not possible to do more than record
the facts noted, as following the different lines of treat-
inent, and point out certain indications of success, whlielc
must be ioterpreted according to the faitlh of the in-
dividual. The difficulty of arriving at a definite conclusion
is enlhanced by the fact that the cases were admitted for
treatment at various stages of the pulmonary complication,
the date of admission being dependent on the appearance

of a rash wlicll was not always coincident witlh the onset
of the pulmuonary symptoms.

Drugs.
Tlle use of drugs was confined to symptomnatic treat-

ment in the way of combatina the great strain involved on

tlle heart, oxygenating tle lungs, and so aiding the reduced
area of normal lung tissue in its functions, helping tlhe
drainage of the pus from thle lungs by expectoration, anid
hiindering the growth of pyogenic organisms in the lungs
by local applications.
For tllis purpose heart stimulants suclh as brandy,

strychnine, and digitalis, ammonium carbonate, oxygen

warmed and alcoholized, stimulant expectorants, and anti-
septic inlhalations were tried. Of these, it is enough to say

that brandy, strychnine, and digitalis had the effect
expected of them, but none on the general course of the
disease, and can merely be classed as useful adjuvants.
The same may be said of the stimulant expectorant
mixture. Oxygen was most disappointing; in only one

or two cases did it seem to give even transitory relief to
the cyanosis and distressed breathing. Wlhether the
inhalation of antiseptic vapours lhad any effect it is
impossible to say.

Vaccines.'
Three different vaccines were used, and in view of tthe

later bacteriological findings it must be noted that no one

of these three included all the organisms which appear to
be responsible for the clinical symptoms.

Vaccines Used.
A. A mixed stock vaccine, obtained from Captain Eagleton,

R.A.M.C., bacte&iblogist at Sutton Veny, consisting of 1,'250
million Pfeifferis bacillus and 250 millilon riedl3nder's bkdillims
per cubic centimetre. This vaccline hlid been prepared iiVder,
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instructions from command head quarters in anticipation of
possible outbreaks of purulent bronchitis.
B. A vaccine prepared from cultures obtained from the blood

and pericardial fluid of cases in the epidemic under considera-
tion, consisting of two preparations containing (a) Streptococcus
lanceolatus and (b) Streptococcus pyogentes longus.
C. A vaccine prepared from the sputum of one case in this

epidemic, consistingof two preparations, containing (a) Sta hylo-
COCCI1s aureus and (b) pneumococcus, streptococcus, and a Gram-
negative bacillus.

A number of cases were treated with vaccine A alone.
Most of these had this vaccine within one or two days of
the appearance of the measles rash, and the course of
tllese cases was on the wlhole satisfactory.
Only six cases were treated with vaccinie B alone, and

results were not satisfactory, as it was tried rather late in
the course of the disease and only in very serious cases.
Seven cases were treated with botlh vaccines A and B,

witlh satisfactory results in five cases.
Three cases were treated with vaccine C only, and

these may be eliminated as inconclusive, as in these one
lead his first dose of vaccine twenty-four lhours before
deatlh on the seventh day of disease, wlhen past all reason-
able hope of recovery, the second had his first dose forty-
eiglht hours before death on the fiftlh day of the disease,
and althouglh there was a marked fall of temperature, the
general and pulmonary condition was suclh as to preclude
recovery.

Dosage.
Vaccine A was giveni always in doses of 300 millioni Pfeiffer's

and 60 million Freidlander's with an interval of four days before
a second dose. There was never any untoward reaction.
Vaccine B was given in most cases in doses of 25 million

Streptococcus lanceolatus and 25 million Streptococecus pyogenes,
though in a few the dose was increased to 125 million Strepto-
coceus laneeolatus and 33 million Streptococcus pyogenzes. No
nuntoward results were experienced from these doses.

Resuilts.
Of 36 cases treated with vaccinle, 10 died, givinig death-rate

of 27 per cenlt.
Of 25 cases untreated witlh vaccine, 16 died, giving death-

rate of 64 per cent.
Of 20 cases treated with vaccine A alone, 3 died, giving

death-rate of 15 per cent.
Of 6 cases treated with vaccine B alonie, 4 died, givinlg death-

rate of 66.6 per cent.
Of 7 cases treated with vaccine A and B, 2 died, giving

death-rate of 28.4 per cent.

Apart from statistical results we had the general im-
pression that vaccine tllerapy had a good effect, whilst
drug treatment was only of use as an assistant in com-

bating special symptoms, that any treatInent to be of use
must be begun as early as possible, and tlhat the recoveries
after vaccine treatment had a more rapid convalescence
than those untreated witlh vaccine. The good results of
the vaccine were seen in an improved general condition
rather than in the rapid subsidence of any special
symptoms.
Ribadeau-Dumas and Brissaud have recently publislhed

(Bulletin de la SocieMti kUdicale des H6p)itaux,oFebruary
15tlh, 1918) an account of two cases of malignant measles
occurring in Arab soldiers, and they mention casually that
the sputum was purulent. The first case died, but the
second was given intravenous injections of citrated blood
from a measles patient who was convalescent, and he
showed immuediate improvement, and ultimately recovered.
Several patients suffering from purulent bronchitis have
since been treated with injections of polyvalent strepto-
coccal serum 'at No. 3 New Zealand General Hospital, and
all but one recovered.

General Treatment.

The cases were nursed in roomy, well-ventilated wards,
and, although tlle weather was cold, it was considered
that, in an obviously septic condition, fresh air was of
more importance than warmth, and therefore the windows
were always kept well open.
In a few cases with irritating and exlhausting cough a

steam tent was used.

Typical Cases Treated with Vaccine.
CASE 10. (Typical of eleven cases.)

O'n February 17th, 1918, the patient's condition was as follows:
XaJoked very: ill and w'sw cyanosed; lungs full of wheezing
)hionchi; spbtum airless and purulent. On February 18th

condition was unchanged; vaccine given. On February 20th
general condition was much better, and though the lung sym-
ptoms only cleared up slowly, there was no furtlher anxiety
about the case.
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Cl.AlRt 4.-Case 10. Measles and purulent bronchitis; recovery.

A. Vaccine A.

CASE 8. (Typical of four cases.)
In this case, on the day a dose of vaccine A was given there

was bronchitis with purulent sputum anid cyanosis. Prognosis
was niot good. After the vaccine there was a rapid fall in tem-
perature, anld though five days later there was return of pyrexia
the genieral conldition was much improved asld never afterwards
wesnt back.
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CHAR-T 5.-Case 8. MIeasles anld purulent bronchitis; recovery.

A, Vaccine A.

CASE 7. (Typical of three cases.)

On February 14th, 1918, the patient looked very ill; sas v-ery
cyaJnotic; lungs full of scattered rhonchi;*sputum puruleist anld
nlummlular. Onl the 16th the patient was worse, and a dose of

vaccine was given. On the 18th the patient was no b)etter with

the exception of a fall in temperature. On1 the 19th the

cyanosis wras less, though lung signs were more advsancedl with

signs of commencing consolidation at rightbase. On FebrLuary
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CHART 6.-Case 7. Measles and purulent bronchitis; recoveery.
A, Vaccine A.

20th another dose of vaccine was given. On the 21st the temp-
perature continued to fall, the lungs to clear up, and respiration
to become easier, and bynext day there was no further cause

for anxiety.

CASE 27. (Typical of two cases.)
On February 16th, 1918, there were signs of purulent

bronchitis; some ¢yanosis, rhonchi throughout lungs, andp
purulent sputum. February 17th, vaccine A given; general
condition improved up to the 23rd, when ie cyanosis became
more marked and pulse was not g'ood. February 24th, given a
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dose of B vaccine containing 200 million Streptococcits lanceolatns 2. Blood Cultures. Caxeful investigation of organisms
and 25 million S. pyogetnes lontns. From Febriuaryr 25th ontwards islated fromo the blood of several patiants dulring life
progress was rapid showed thiat streptococc-i were Aimost exclusively and
grosser signs of disease. -oedKa srpccc ee m texlwiy-nconstantly present. In only ne vase was the psumo-

BACTERIOLOGY AND PATHOLOGY. coctcs deisonstrated wirth any degree of certainty. The
In the investigation of the bacteriology of the condition streptococci isolated seemed to coincide, in their appear-

the main sources of information were the sputum and aace on culture med.ia, with the two forms described as
blood during 12Q2Ll 52 1most i8 2ly

iLM]4TE OCcurring

blood, spleen, the sputeii.
and exudates 104 3. Additfioai
post mortemn. _ Inve-stgwa'ioni
lhe r e sul t s 10 _ during Life.-

wereasfollows: 1 ---___ A number ol
1. Sputum.- Yt hroat swabs

Specimens of were examin ed,
sputum from

- 11 -I
forty patients 9 _of theLse tle
were examined, s trep t-ocoeus
both by smears and thh
and cultures. 120 UII 120 100- I112 96 96 96 Sslo 102 96 So JOS 76 I8 Ss 96 92 100 Stapehyl tcocctts
Tile organisms R 126 12--120 00 10 '102m 102 lot 1`0 t ,12 aureusM
mnost con- ulandadtly on

ftnl CHART 7.-Case 27. Measles and purulent bronchitis; recovery. A. Ras&h cleveloped; B, luung cutremda

weTe strepto- symptoms developed; c, vaccine A; D, vaccine B; E,_patient got ulp. In one case the
comci, Staphy- Klebs - Loeffer

lococcus aureus, and B. influenzae. Among other or- bacillus was isolated. In two cases the streptococcus was
ganisms less frequently met witlh were Micrococcus found in the aural disclharge fronm patients suffering frotu
catarrhalis, B. fusiformis, diphtheria bacilli, pneumo- otitis media.
coccus, Diplococcus crassus, and Stap4ylococcus albu8. 4. Blood Counlts. TrJhe blood count of patients suffering

(a) Streptococci.-One or more varieties of the strepto- from this disease gave rather unexpected results. In

coccus were found present, both in smears and in cultures, place of tlhe iraked lenemylais to be expected in t)i
in all eases exnamined, with the exoeption of two, from presence of a bacteriaeinia, tlhe typical ount seemd to lie
wllich the pneumococcus w;as isolated. Two streptooccal between 8,000 and 12,000 per cabic millimetre. On the
types were found to be of verv constant occurrence- wlhole the differential count registered tlhe septicaemia
namely (1) Streptococcus longus, growing in small mniore definitely, thouah tlle relative polymorplhonuclear
discrete colonies and producing active haemolysis on leucocytosis appears below what migilt be reasonably
blood 4gar. -(2) A streptococcus usually assutming a diplo- expected.
coccoid or brevis form. This grew in flattened colonies

spreading at the margin and showing a tendency to
coalesce into a greasy-looking greenish-grey film when
densely sown. Its haeomlytic action was smiiall, and
on blood medium it was found to be surrounded by a faint

greenish halo.

(b) Pneuriococcnts. In the two cases in vwhich we failed
to isolate streptococci fromn the sputum the pneunooect s
was obtained in culture. In one of these cases, as mice
were not available at the time, we were forced to rely upon
the fermentation of inulin and the capsule stain of His in

making the diagnosis. In the other case, examined during
convalescence, smears of the sputum slhowed the presence
of large numnbers of Gram-positive capsulated lanceolate
diplococei and numerous influenza bacilli. On culture
media (trypagar + citrated lhuman blood) a practically
pure growtll of these two organisms wvas obtained. A

lmtouse which was inoculated witlh the mixed cultuire died
in. twenty-eight hours, and spleen smears slhowed tlhe
presence of Gram-positive capsulated lanceolate diplococci.
Cultures from the spleen were made and the pneumococcus
and a minute Gram-negative bacillus,probably B. iifluenzae,
recovered. In several cases wlhere preliminary cultural
and microscopical features had been suggested, inoculation

experiments proved the organism to be the streptococculs.
(c) Stap7-hylococci.-Staphylococcus aureus was present in

cultures from the majority of cases, often being one of thle
predominating -organisms of -tlle sputal flora. S. albus was
less frequently found.

(d) B. influenzae.-Tlhis organism was present in smears
in 24 of the 40 sputa examined and was grown in
culture in 21 cases. In 8 cases it was present in smears,
but failed to grow in culture, and in 5 cases where it was
niot found in smears it grew in cultures. It was therefore

present either in smears or caltures, or both. in 29 of the
40 cases examined.

Summnary of IteilIts of Examiniiationl of Sp7t1M11.

Organism. Frequency Frequency
per 40 Cases. per Cent.

B.influenzae ... ... 29 72.5

Streptococcus ... ... ... ... 38 95.0

Pbevnuseooous ... ... ... ... 2 5 0

Staph3Toeoecus aureus 27 67 5

Differ ential Connlt in .Se et Cagses.

toly- MON 0T;ono- :Large Small
Case. Polphs Mnuceas L-ympho- L-ympho- Remarks.ll)Orphs.nuclears. cytes. cytes.

34 78.0 1.0 2.0 19.0 Died.

35 87.0 1.5 2.5 15.0 Died.

7 74 5 2.0 1.0 22.5 Recovered.

36 77.0 3.0 2.0 18.0 Recovered.

37 69.0 3.5 2.5 25.0 Recovered.

38 75.0 3.0 2.0 20.0 Recovered.

39 83.0 - 10 16.0 Died.

5. Bacteriological Examination of Material obtained
post mzortern.-Twelve cases were investigated post morteo-.
The cultures made from the bronchial discharges showed
the same'disparity as in the case of the spata. The
majority were typically streptococcal, though Staphylo-
coccus aitreus was present in several cases. In two cases
only was B. influenzae isolated in pure cu-lture, thougl
smears of 'the secretions were sometimes suspicious. 01
the other hand, -this organism could not be found either in
tlhe smeats or cultures made soon after death in certain
caaefully sudied cases. In addition to one or mere of tise
organisms mentioned the braonhial secretion yielded a
growth of the pneumococcns in three cases and of Grarti-
positive cocci in other three. Cultures from the blood,
spleen, and pericardial fltuid yielded uniformly a miixed
growth of the two types of streptococci already described;
sometimes one type appeared to predominate, sometimes
the other. The heart blood and pericardial fluid in one
case (No. 24), in addition to streptocoooas and staphylo-
cocous, yielided a Gram-positive bacillus and a Grasti-
positive coccus. Smears of the fibrinous exuiAte of
Case 40 slo*ed a capsulated diplocooous, streptococeus,
and a Gram-positive coccus. Inulin-fervaenting organisms
of the pneumococcus type could be shown in two cases
only. In two cases Staphylococcus aurets was encountered
in the pericardial fluid.

INOCrJLArION EXPERIKRNTS.
The study of the patlegmicity of the organis mis asso-

Iiated wilth Vhe disease as, been mtwirly restridaed to them
isolated from the blood and organs at autopsy.
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Streptococci from the spleen, pericardial fluid, and
l)lood have been shown to be lethal to mice in moderate
doses. In the case of both the streptococcal types already
nentioned death occurred four to six days after injec-
tion. The organism,s were recovered fromn the blood and
spleen after deatlh, and were found in abundance at
tlle point of injection, where an accumulation -of pus
occurred.
On several occasions attempts were made to demon-

strate the pneumococcus by injection into mice. Eitlher
results were negative or the suspicious organism proved to
be streptococcus, except in one case, already referred to,
wvhere the pneumococcus and a minute Gram-negative
bacillus were recovered from the spleen.

POST-MORTEM CONDITIONS.
As the conditions found p)ost mortem varied considerably,

ft is difficult to describe any particular state as typical.
It seems probable, however, that there is a definite
sequence of pathological changes. This sequence of events
is not apparently conditioned by the duration of the
dlisease, and a fatal termination may ensue at any stage
of the series. This was particularly noticeable in the
case of the lungs, where more advanced changes were
found in some cases of slhort (luration than in others
-where deatlh occurred after an illness lasting fourteen to
twenty-one days.

Summary of Maini Pathological Findings.
1. Pleura.-In the majority of cases a greater or lesser

degree of fibrinous or sero-fibrisous pleurisy was present;
in tlhree cases the adhesions were very extensive. As a
rule the accumulation of fluid was very small. The con-
dition was usually more marked on the right side.

2. Lungs and Bronchi.-A constant feature was the
presence of peteclliae on the lung surface, most marked
towards tlle base and along the interlobar fissures. As
already mentioned, the conditions found varied consider-
ably, but the differences were apparently a series of
phases in the course of the disease, varying from typical
purulent bronchitis with slight basal bronchopneumonia
to complete lobar consolidation. In the advanced cases
the following conditions were usually found in basifugal
succession:

(1) A basal consolidation.
(2) A zone of slightly aerated lung intermediate between

lobar pneumonia and bronchopneumonia.
(3) A belt of bronchopneumonia. This was usually found

in the lower portions of the upper lobes.
4) A belt in which minute elements of consolidation around

the bronchi were closely dotted over the congested
and oedematous lung.

(5) An upper region of simple bronchitis.

Tlle above must be qualified by the statement that in a
few cases apical consolidation was present, and in most
the anterior margin of the lungs and thle middle lobe of
Lihe right lung were relatively unaffected. The state of
the right lung was usually more advanced than that of
the left. Patclles of interstitial emphysema and small
hiaematomata were encountered from time to time, and in
one case multiple abscesses, about the size of half a crown,
in cross section, were found in the consolidated lower
lobes. The bronclhi were in all cases acutelv inflamed.
Th'e secretion varied considerably fromn case to case. In a
few the bronclli contained a clhocolate-coloured frotlh,
interrupted here and tllere by plugs of yellow pus, but in
tthe majority of cases the lumina of the bronclli were

occupied by a yellow purulent discharge, wlhiclh poured
from- the larger bronchi wlhen tley were severed. The
bronchial glands were uniformiily enlarged.

3. Heart.-In six of the fourteen cases exaumined there
was marked sero-fibrinous pericarditis-tlhe fluid eitlher
faintly turbid or flecked witll {ibrin. Fibrinous patches
werc most frequently found on tlhe apex anteriorly and
round the base. In several cases tlle riglht heart was
dilated, and was usually gorged with clot.

4. Spleen.-In only four cases was tlhe spleen found to
be enlarged and pulpy. In the mnajority this organ was

fairly normal in size and consistency, shiowing at most a

tendency to become flattened. In view,of the bacterio-
loaical findings already discussed, this is somewlhat
remarkable.

Organ.

Lungs ... ...

Pleura ... ...

Pericardium ...

Heart ... ...

Aorta ... ...

Spleen ... ...

Summary of Ale.sults.

Condition Present.

Purtulent bronchitis and slight
bronchhopneumo,iiia

Purulent bronchitis and advanced
bronc opneuenmodiia

Purnlient bronchitis, bronchopneu-
mionia, and lobar pneumonia

Pleurisy ... ... ...

IPericarditis ... ... ...

Dilated ... ... ... ...

Aortitis of ascending aorta ...

Enlarged and pulpy ... ...
Approximiiately normial... ...

Slightly fibrotic ... ... ...

No. of IPer
Cases. Cenit.

3 21

5 36

6 43

12

6

5

6

4
8
2

F6
43

36

43

29
57
14

Histology.
Thjere is little to say regardilng the morbid histology of

the condition, for, apart from tlle lungs, there were but
sniall signs of inflammatory change.

Wllile sections cut from the more gravely affected lung
tissues slhow the typical appearances of bronchopneumonia
and lobar pneumonia some interest attaches to those
wlich demonstrate tile transition from a state of simple
bronclhitis to one in whliclh the alveoli are involved.

This process commences witlh a marked infiltration of
the peribronchiolar tissue by cells of the small round type,
in a manner identical with tllat described by tlhe Alderslhot
observers. The zone of inflammation extends to the sur-
rounding tissue, and consolidation of the alveoli immedi-
ately adjacent to the pus-filled bronchioles ensues. Tlle
round cell infiltration is transieint, and is soon replaced by
one in which polymorplhoniuclear cells pr edominate. At
this stage the microscopical picture is soniewhat character-
istic, slhowing numerous elementary consolidations about
the bronchioles scattered over approximately normal lung
tissues.
In a certain number of the cases examined -post mortem

there was little advance upon this condition; in others,
however, the primary consolidations were foiund to extend
and coalesce until their individuality was lost in bronllco-
pneumnonic patchles.

Of otlher lesions of whiclh microscopical evidence was
obtained note may be made of a small amount of cloudy
swelling in the kIidney and a more or less marked con-
gestion of the spleen, accompanied in some cases by small
lhaemorrhages.

CONCLUDING REMARKS ON THE PATHOLOGY AND
BACTERIOLOGY.

Jn view of tlhe, complex nature of the infection it is
somewlhat difficult to sift out tlle essential pathogens fron
those of subsidiary or individual importance.
The outstanding feature from tllis point of view is

undoubtedly the almost universal association of measles
and rubella witlh a streptococcal bronclhitis and septicaemia.
We have been much occupied by the question as to
wlhetlher there was a direct symbiosis between tlhe virus
of measles and tlle streptococcus, enlhancing the virulence
of the latter and lowering the resistance of tlle host, or
wlhethier the symbiosis was an ifidirect one tlhrouLgl
the medium of the influenza bacillus. In tlhe latter
case tlle analogy witlh tlle Alderslhot cases of purni-
lent bronclhitis described by Abralhams, Hallows, Frencl,
and Eyre would be very close. It is certain that
the Bacillus influenzae has played an imnportant role
in this epidemic, but there is reason to believe that
tlle measles attack in itself lowered tlle body resist-
ance sufficiently to permit of a general invasion by the
streptococcus. In any case, our observations tally in
principle with those of the above workers, and are an
interesting variant on tlle pneumococcal infection found
by them.

It is interesting thlat, in a recent paper dealing witlh
pulmonary complications following measles, Cnmming,
Spruit, and Lynch (Jourrnal of the American Medica(l
Association, April 13tlh, 1918, p. 1066) ascribed 94 per cent.
of tlle fatalities to an infection bS haemolytic streptococci.
These autlhors make no reference to thle influenza bacillus.

Nov. 2, rtst;J
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We lhave been frequently struclc, both at Codford and at
Tid worthi, by the unusual preponderance of streptococcal,
as contrasted with pneumococcal, infections in all types
of pulmonary disease occurring amongst Australians and
New Zealand troops on Salisbury Plain, and this has been
especially noticeable in the cases of lobar pneumonia we
lhave exam-ined.

In many cases Staphylococcuts aureus, although not one
of the constant pathogens, must lhave contributed much to
the acuteness of tlle pulmonary attack. As regards the
patlhology of the condition, two points are of special
interest. In tlle first place the very varying gravity of the
lung lesions found at autopsies slhows that these lesions in
thlemselves could not be lheld responsible for the fatality of
the outbreak, which must witlhout doubt be traced to the
general toxic condition. In the second place, the ex-
liaustion of all protective measures on the part of the body
is typified by thle feebleness of the leucocvtosis and the
absence of splenic and hepatic enlargement. Indeed it is
almost to be wondered at that vaccine treatment elicited
from the jaded patients the response whiell our eharts
exemplify, and it is unfortunate that time did not permit
of opsonic cornparisons being made.
We are indebted to Lieut.-Colonel G. H. Goddard, D.S.O.,

R.A.M.C., O.C. Tidworth Military Hospital, for permission
to publish this article.

Postscriptum.-In a recent epidemic (October, 1918) of
malignant influenza we find that respiratory symptoms are
prominent, but only in a few cases is the sputum purulent.
Moreover, several non-purulent cases present the features
of profound toxaemia, collapse, and heliotrope cyanosis,
which seems to suggest that purulent bronchitis is only
one incident in a virulent mixed infection by Pfeiffer's
bacillus and other organisms.

THE DIFFERENTIAL DIAGNOSIS OF SCARLET
FEVER, MEASLES, AND RUBELLA.

BY

LIEUT.-COLONEL J. S. WARRACK, M.A., M.D., D.P.H.,
R.A. M..C.(T.F.).

- STATIONARY HOSPITAL, B.E.F.

IT is of tlhe greatest importance that these diseases should
be distinguished from each otlher and from non-infectious
diseases in the army, because (1) the quarantine periods
vary, (2) the infectivity varies, and (3) the severity varies
in different cases.
A definite method should be employed in the examina-

tion of cases so that nothing is missed, and the result of
the examination slhould be accurately recorded for the
benefit of subsequent observers. lt is necessary that a good
liglht be available, and tllat the thiroat, moutlh, and skin
be examined from above downwards. Thle temperature
slhould be taken. Koplik's spots require a good light to
be seen, and the mucous membrane opposite the lower
molars should be turned out to the liglht by means of the
forefinger of the hand outside, and the mouth should be
open. The patient should be asked wlhen lie felt ill first,
not when he reported sick; particulars of the onset should
be obtained, especially where and when the rash appeared
first. The incubation periods are useful to keep in mind.

The Onset.
Scarlet Fever.-Sore throat, shivering, sometimes vomit-

ingt, and the raslh out within forty-eight hours, missing the
face, and being seen on the neck, arms, and upper part of
the body. Circumoral pallor is indefinite in adults, and I
do not attach muclh importance to it.
Measles.-Headacbe, malaise, coryza thle first day;-

Koplil's spots the second day, remaining the third,
fourtlb, and fifth days. They should be seen two days
before the rash comes out on the forelhead, and still be
seen the first two days of the rash; after this period they
fade away. The rashl comes out late on the third day or
early on the fourth.

RBubella.-Little or no malaise, headache, slighlt fever,
slight sore throat, tlhe.rasb out from the second to the
third day, but in a number of cases the appearance of the
rash is the first indication that anything is wrong.

The Position of the Rash.
This is most important. These rashes have a definite

distribution, a definite way of appearing, and a definite way
of faading.

Scarlet Fever.-This rash does not usually appear on
the face; it avoids the face as a rule. It is seen first on
the neck, and spreads from above downwards. The feet
are the last to sliow it. In the same way it fades, and the
dorsum of the feet will slhow the rash distinctly when it is
fading or has faded higlher up. Thlis is specially important
when the raslh is not a very lheavy one. On the flexures
of the joints the rash is likely to be more pronounced,
or even haemorrhagic.

Measles.-The rash begins upon the forehead as a
blotchiy, livid discoloration, and spreads downwards. In
twenty-four hours it is out on the legs, and is beginning
to fade on the face by the time it is fully out on the feet
and legs. It affects the whole body wlhen it is fully
out. It disappears from above downwards, and can be
distinguished last on the feet.
Rubella.-This rash may be seen on the face first, but

is evanescent. It also spreads from above downwards.
It is necessary to look at the dorsum of the feet in all
cases, because the rash may be seen there when it has
faded from the body. This is essential to remember.

The Character of the Rash.
Scarlet Fever.-This rash is composed of fine red points

on tlle background of an erythema; it may be discrete or
confluent. When the latter, there is a bright general
redness, and the skin may be swollen. The flexures may
show in addition a lhaemorrhagic staining of the skin, not
necessarily petechial. This is never found in rubella; the
raslh is more lasting, and may take several days to fade.
Measles.-This rash comes out as a papular rash, small

red papules whiclh can be felt projecting by the examining
finger. Round a papule is a livid dark blotch. There
may be several papules together, with one blotch around
them. The rash is discrete at first, but rapidly the
blotches become larger, more come out, and the general
appearance becomes what is described as measly, or mor-
billiform, hence the name measles. These papules may be
petecllial, but the surrounding blotcll is always there.
Rubella.-Tlere are two types of rash-the scarlatini-

form and the coarsely punctate with macules. It must be
distinguished from scarlet fever, and the tests are: the
evanescent character, the colour, and the fact that on
some part of the body tlle raslh will be found to be coarsely
punctate and macular. In the scarlatiniform type the
rash is not red but pink in colour, composed of pink points
closely set together. This rash is usually found on the
trunk, but if the feet are looked at, the rash will be found
to be coarsely punctate and macular. In the ordinary
type the rash is composed of large points, pink in colour,
and mixed up with pink macules.' The rash is discrete,
but sometimes it is petecllial as well. In all cases it is
evanescent, and begins to fade in twenty-four hours, so ib
should be seen as soon as possible. It is last seen on
the feet. The rash does not become deeper on the flexures.
When associated with glandular enlargements and pink
eye, there should be no difficulty in distinguishing it.

- Early Symptoms.
Sore throat is a prominent feature in scarlet fever;

coryza in measles; and slight headache, and slight watering
of the eyes in rubella. Vomiting is not uncommon in
measles and scarlet fever, and shivering in scarlet fever,
while in rubella there may be no symptoms at all and the
first thing, noticeable is the rash.

Glandular Enlargements.
Enlarged glands below the ear are common in scarlet

fever, and are 'associated withi the sore throat. In measles,
where there is a catarrhal throat and a measles rash on
the mucous membranes, there are enlarged glands. In
rubella the suboccipitals should always be examined; they
are sometimes tender, and always easily palpable, but in
some cases they are not enlarged, but the posterior cervical
instead. The epitrochlear groin and axillary glands may
be found enlarged. In other cases no glandular enlar&e-
ments can be f6und, so that their absence does not exchigle
rubella, but v~en thley are found 'it; is valuable corroboia.
tion of othei.ymptoms and physi284f signs.;


